A new phenotype of multiple organ failure has appeared: Persistent Inflammatory, Immunosuppressed, Catabolic Syndrome (PICS). Comorbidities and age >65 years have been established as the leading risk factors for PICS. As the percentage of elderly people continues to increase the prevalence of PICS in our ICUs will surely grow. Malnutrition (despite appropriate supplementation), recurrent nosocomial infections, frailty, ventilator dependence, and an indolent death depicts the central theme that plagues PICS patients. Aligned with the recently awarded P50 grant by NIGMS entitled, "PICS: A New Horizon for Surgical Critical Care", and the University Of Florida's Sepsis and Critical Illness Research Center will investigate the genetic make-up of PICS patients, better understand frailty and the implication in trauma patients, and hopefully elucidate new therapies. Currently, there are no therapies to combat PICS aside from nutritional inference elaborated after reviewing the literature on Burns, Cachexia, and Sarcopenia.
Introduction
Surgical intensive care units (ICUs) initiated in the 1970s resulted in more patients surviving single organ failure. When discussing organ failure there is a certain paradigm that has become clear: once one phenotype of organ failure is treated a new phenotype replaces the existing one. As ICU care improved though the 1970s-1980s, a significant number of single organ failure patients progressed to developed multiple organ failure (MOF) [1] . This became an epidemic by the mid-1980s unfortunately carrying a prohibitive mortality of > 80% for the full blown syndrome, currently it remains >40% mortality [2] . Over the last 35 years ICU care has improved dramatically, and as a consequence the epidemiology of MOF has evolved considerably producing newer phenotypes and pathophysiology. MOF is still the leading cause of surgical ICU deaths, however, fewer patients are dying in the early phase of MOF [2] . Fewer deaths, coupled with decreasing late onset MOF, has made prolonged ICU stays more common. Certainly, as one phenotype disappeared, another becomes overt.
Most recently, the new phenotype of MOF is a smoldering inflammatory state, increased susceptibility to infection, and lean muscle protein loss refractory to nutritional intervention (similar to cachexia and sarcopenia) has been described. This syndrome has been coined the Persistent Inflammatory, Immunosuppression, Catabolism Syndrome (PICS) ( Figure  1 ). Early on it was recognized that despite the MOF phenotype, these high risk patients experienced significant hypermetabolism and expansion of immature cell lineage called myeloid derived suppressor cells (MDSCs), which both appear to play a key role in the pathogenesis of end organ dysfunction [3] [4] [5] .
As the predominant phenotypes of MOF evolve into PICS (Figure 2 ), so has the rationale for various therapeutic interventions. The purpose of this manuscript is to a) introduce the newest phenotype of MOF: Persistent Inflammatory, Immunosuppression, Catabolism Syndrome (PICS), b) describe the underlying pathophysiology of chronic critical illness (defined as ICU stay > 14 days), and c) discuss potential therapeutic interventions.
Evolution of Multiorgan Failure to Persistent Inflammatory Immunosuppression Catabolism Syndrome
In understanding the pathophysiology of MOF to PICS there has to be a discussion and understanding of the etiology of multiple organ failure from Systemic Inflammatory Response Syndrome (SIRS), Compensatory Anti-Inflammatory Response Syndrome (CARS), and the evolution of Chronic Critical Illness (CCI) into PICS ( Figure  3) .
SIRS
Initially when a patient suffers a traumatic injury, undergoes surgery, critical illness like sepsis (sepsis syndrome), or intense inflammatory process like pancreatitis the insult triggers a systemic response: SIRS. [6, 7] "Systemic inflammatory response syndrome (SIRS) is the clinical expression of the action of complex intrinsic mediators of the acute phase reaction. SIRS then can compromise the function of various end organ systems resulting in MOF. SIRS and MOF are graded expressions of the inflammation associated with acute illness" [8] .
The SIRS response is defined as satisfying two of four criteria according to Bone et al at the American College of Chest Physician and Society of Critical Care Medicine in 1992 [6] : temperature 38°C or 36°C; heart rate 90 beats/min; respiratory rate 20 breaths/min or PaCO2 32 torr (4.3 kPa); WBC 12,000 cells/mm3, 4000cells/mm3 or 10% immature (band) forms If the SIRS response is robust enough early onset MOF can result and even death, but often times ICU care predominates and the patients survive the initial insult. To better comprehend the epidemiology of postinjury MOF, Frederick Moore, M.D and investigators at University of Colorado Trauma Research Center (UCTRC) developed the Denver MOF score and a clinical database to characterize postinjury MOF. With ongoing analysis, it was observed that MOF was a bimodal phenomenon, and using the best available information, another paradigm for MOF was proposed. [9] In 1996, the prospective study evaluated 457 high-risk trauma patients who survived more than 48 hours. 70 (15%) developed MOF, and of these 70 patients, 27 (39%) patients suffered early onset MOF (defined as end organ failure within 72hrs of inciting insult), while the majority, 43 (61%) patients presented later in their clinical course. [9] At presentation, early MOF had more cardiac dysfunction, while late MOF had greater hepatic failure. According to Moore, shock correlated more frequently with early MOF, while advanced age was a more important risk factor for late MOF [9] . Both early and late MOF had a similar high incidence of major infections, but these infections appeared to be more important in precipitating late MOF [9] . Thus, Moore and colleagues posed that MOF has a bimodal phenomenon, where by early onset MOF typically results from a robust SIRS response and late onset MOF is elicited by a second hit infection in immunosuppressed, critically ill patients that depict the phenotype CARS.
This theory was well accepted at the time, but current literature has established a different paradigm. It is now understood and accepted that the both SIRS and CARS can be triggered as a simultaneous response. Each having implications in the clinical course of the patient, as well as, precipitating MOF. Discussed next CARS is not a syndrome that occurs in response to SIRS, but rather occurs with SIRS.
CARS
Originally, Bone et al postulated that as time proceeds certain aspects of SIRS are intentionally down-regulated to minimize autogenous tissue injury [10] . As a consequence, critically ill patients can develop severe immunosuppression as a dysfunction of adaptive immune system (CARS), thus setting the stage for late nosocomial infections that can precipitate late onset MOF [10] . According to Ward et al., "CARS, similar to SIRS, is a complex and incompletely defined pattern of immunologic responses to severe insult. The difference was that while SIRS was a pro-inflammatory syndrome that seemed tasked with killing infectious organisms through activation of the immune system, CARS was a systemic deactivation of the immune system tasked with restoring homeostasis from an inflammatory state. Additionally, it has a distinct set of cytokines and cellular responses and has a powerful influence on clinical outcomes in sepsis" [11] .
The paradigm that SIRS results as a consequence of the innate inflammatory response (principally PMNs) [12, 13] , and CARS represents the adaptive immune response (principally lymphocytes) [14] [15] [16] has been accepted. Thus, it was found that late MOF is actually a lingering state of CARS where infections and poor wound healing are symptoms of underlying pathophysiology [15] . By the late 1990s the SIRS/CARS paradigm became the popular mechanistic explanation for the immunologic trajectory of a complicated ICU course, but as these patients lingered in the ICU for great lengths of time the manageable MOF with catabolic state, smoldering inflammation, and on-going immunosuppression produced the newest described phenotype: PICS.
According to Moore et al., the perception that trauma patients become severely immunosuppressed was not new, but the link between the severity of delayed immunosuppression and the severity of early SIRS (which could be amplified by second hits) was novel. [17] This notion was generated from focused observational clinical studies; showing that high-risk patients develop an early vulnerable window of neutrophil (PMN) priming, activation, and sequestration, which are pivotal mechanisms in early MOF [12, 13] . Next there's a period when circulating PMNs become functionally ineffective and bone marrow granulopoiesis becomes suppressed determining the degree of immunosuppression [18] [19] [20] . Re-iterated again, should the state of inflammation (SIRS) and immunosuppression (CARS) persists, the patient progresses to a phenotype clinically consistent with chronic critical illness, smoldering inflammation, immunosuppression, and catabolism (PICS) [21] . Unfortunately, with the advances in ICU technology the PIC syndrome is increasing in prevalence [22] .
Persistent Inflammatory Immunosuppression Catabolism Syndrome
There is a considerable portion of patients who survive acute critical illness and MOF who entered into chronic critical illness (CCI -defined as being in the ICU for > 14 days with ongoing low grade organ dysfunction). In the surgical ICU a substantial portion of CCI patients developed PICS [3, 23] . Gentile and Moore et al, characterized PICS as: ICU stay >14days, C-reactive protein 150Kg/dL, Total lymphocyte count <0.80 x 10 9 /L, Weight loss >10% during hospitalization or body mass index<18, Creatinine height index <80%, Albumin level <3.0 g/dL, Prealbumin level <10 mg/dL, Retinol binding protein level <10 µg/dL [3, 23] .
The patient populations most vulnerable to PICS and CCI are those patient >65 years of age and those with poor premorbid health status [21] [22] [23] [24] [25] [26] . PICS patients were observed to clinically lose tremendous amounts of lean body mass despite optimal nutrition causing profound weakness, suffer from recurrent nosocomial infections, typically develop decubitus ulcers, have poor wound healing, and become what intensivist refer to as "rocks" (Table 1 ) [27] [28] [29] . Additionally, these patients tend to suffer from significant levels of pain, dyspnea, psychological distress, thirst, fatigue, delirium, and distress related to impaired communication [28, [30] [31] [32] [33] [34] . These symptoms not only stem from the protracted course of their hospital stay, but also exposure to ICU interventions that cause distressing symptoms [28, 30, 31, 35] . PICS victims are typically discharged alive to long-term acute care facilities where they failed to rehabilitate and experience dismal long-term outcomes (defined as being dead or fully functionally dependent at one year post-discharge) [29, 36] . Long term quality of life would be dreary; many PICS patient suffer from depression, cognitive impairment, complex physiologic abnormalities, organ dysfunction, neuroendocrine deficits, and immunologic dysfunction [24, 25, 28, 29, [37] [38] [39] [40] [41] . Moreover, surviving PICS patient have exuberant financial toll on Healthcare systems [24, 42] and caregivers (strained relationships, depressed mood, adverse psychological responses, and underlying stress) [43, 44] . Ultimately, with the increasing incidence of PICS and the long term implications these patients have on caregivers, healthcare systems, and the victims themselves requires immediate attention [22, 37] . The Census Bureau estimates that between 2000 and 2025 the elderly population will grow by ~80% [45] . Thus, the University of Florida, Health Sepsis and Critical Illness Research Center (UF SCIRC) will be investigating the genomic make up of PICS, trying to predict patients at high-risk of developing PICS, and possible interventions. Through a recently awarded a P50 grant by NIGMS entitled, "PICS: A New Horizon for Surgical Critical Care" the funding will provide a strong foundation to make this achievement possible (Figure 3 ).
Malnutrition
The persistent smoldering inflammatory and catabolic state, as described above, produces a "cachexia" phenotype for which current ICU interventions are ineffective, rendering PICS extremely difficult to treat. Stopping this process, slowing the progression, or even reversing PICS presents many challenges. Currently, there is no existing literature for nutritional support in PICS, but, as defined earlier, one of the uniting characteristic of these patients is profound malnutrition. Weight loss >10% throughout hospital stay, Body Mass Index <18, Creatinine Height Index <80%, Albumin <3.0 g/dL, Prealbumin <10 mg/dL, or Retinol Binding Protein <10 µg/dL all define the clinical deterioration these patients experience [3, 23] . Unfortunately, the malnutrition PICS patients experience is refractory to nutritional supplementation. As discussed later, this mimics three disease states that progress similar to PICS in their clinical presentation concurrent with a state of persistent inflammation including a) aging sarcopenia, b) major burns, and c) cancer cachexia. From these three pathophysiologic states physicians can make inferences regarding adequate/optimal nutritional support for patients vulnerable to PICS.
Implied Nutritional Strategies for Combating PICS Sarcopenia
We believe that PICS, not only dramatically exacerbates aging sarcopenia, but in many ways, imitates the pathophysiology of aging sarcopenia. Rationally, PICS and sarcopenia are both disease processes that afflict the aging population. Thus, the catabolic nature of PICS, inevitably accelerates sarcopenia. Various strategies have been employed to combat sarcopenia and indirectly PICS. These strategies involve "anabolic nutrition". There have been a plethora of trials and studies that used supplemental hormone replacement with inconsistent results. These include testosterone [46] [47] [48] [49] , oxandralone [50] , growth hormone [51] , insulin-like growth factor-1 [52] , and dehydroepiandrosterone [53] [54] [55] . Moreover, we caution wide spread use in PICS patient until further research elucidates appropriate indications, as some hormonal supplements caused harm in critically ill patients.
According to Fiatarone et al, the two most persuasive strategies to contest sarcopenia, and thereby, PICS are resistance exercise and anabolic nutrition. In Dr. Fiatarone's article he defines anabolic nutrition as targeting 0.8-1.5 g/kg/d of daily protein consumption [56] [57] [58] . Reinforcing Fiatarone's claim, Paddon-Jones et al, established that daily protein consumption and dietary derived amino acids potentially slows or prevent muscle protein catabolism [59] [60] [61] . Future research identifying therapeutic interventions for PICS certainly involves aggressive early mobilization, physical therapy, and active exercise early in the ICU course of high risk PICS patients. In keeping with this mentality, Niveus Medical has designed a device for early mobility intervention to help prevent ICU acquired weakness. The intervention can be used to prevent atrophy and weakness on day 1 of the patient stay, and can be deployed by a bedside nurse in less than 5 minutes per day, even in sedated, critically ill patient.
Finally, Morely et al, and The Society of Sarcopenia, Cachexia, and Wasting Disease employed a multi-modality approach similar to Paddon-Jones to treat sarcopenia and other wasting syndromes.
These strategies included providing supplemental nutrition, with a combined approach of exercise, possibly increasing supplemental leucine and creatine, and appropriate anabolic nutrition could at least slow the progression of sarcopenia in the aging population [62] .
Burn
Burn injury >30% total body surface area causes profound muscle catabolism, according to Hart et al [63, 64] . Anabolic supplementation has been used to reverse muscle breakdown and protein loss sustained after burn. Hart and Herndon et al recount, "The hypermetabolic response to major burn injury is associated with increased energy expenditure, insulin resistance, immunodeficiency, and whole body catabolism that persists for months after injury" [65] .
Herndon et al, has studied the effects of five anabolic supplements in pediatric burn patients including a) growth hormone [65] , b) intensive insulin therapy [66, 67] , c) oxandralone [50, 68] , d) propranolol [69] and e) exercise programs [70] . Hart and Herndon et al, established that the human growth hormone could be a "potent anabolic agent and salutary modulator of posttraumatic metabolic responses" [65] . The conclusion was that human derived growth hormone in the pediatric burn population, when compared to a placebo, could substantially reduce muscle catabolism and osteopenia. In fact, growth hormone could increase lean muscle mass, overall weight, and height at 9 and 12 month follow-up [65] .
Herndon and Jeschke have also demonstrated that strict glucose control (80-160mg/dl) in >30% TBSA, pediatric burn patients can significantly increase in bone mineralization and muscle strength in this population (p= 0.05) [64, 66, 67] . In multiple other studies, Herndon and colleagues demonstrated that oxandrolone considerably decreased resting energy expenditure and increased insulin-like growth factor-1 secretion during the first year after burn injury. These effects of oxandrolone, in combination with exercise, increased lean body mass and muscle strength [68, [71] [72] [73] [74] [75] .
Finally, Herndon predicted a reduction in cardiac work, resting energy expenditure, and lipolysis in severely burned children treated with propranolol, which could possibly decrease skeletal muscle catabolism [69] . Herndon's hypothesis was supported in a study that demonstrated two weeks of propranolol administration significantly reduced oxygen consumption and resting energy expenditure. In fact, "stable isotope studies revealed an astounding improvement in the net skeletal muscle protein balance that was the result of a reduction in burn-induced proteolysis with an unexpected increase in muscle anabolism following propranolol administration" [69] . These effects all represent strategic interventions that could potentially decrease the catabolism PICS patients suffer from.
Cancer Cachexia
According to Delano and Moldawer et al, "cachexia represents a complex metabolic state characterized by progressive weight loss, muscle loss, muscle atrophy, and anemia secondary to preferential use and depletion of host adipose tissue and skeletal muscle stores, mediated mainly by cytokines and hormones, with smaller contribution from tumor-derived compounds and neuropeptides. The abnormalities associated with cachexia in cancer, sepsis, and now PICS are manifested by defects in carbohydrate, lipid, and protein metabolism mediated in part by the cytokines TNF-α, IL-1, IL-6, and IFN-γ" [76] .
There is a well-known association between significant injury and hyperglycemia as a result of increased glycolytic pathways and insulin resistance [77] . This phenomenon was first described in the 19 th century by Bernard, and is similar to the cancer-associated glucose alterations described by Warburg in the 1920's [77, 78] . Furthermore, these alterations in glucose metabolism are also observed in sepsis and PICS, but are believed to be multifactorial; being influenced by the hormonal/cytokine stress response setting the stage for muscle wasting from protein catabolism explained below [76] .
Normal physiology during early starvation utilizes amino acids from the breakdown of skeletal muscle, which decreases the total body protein stores. This subsides as the body preferentially switches to metabolizing free fatty acids and ketone bodies from lipid metabolism for energy production [76] . The preferential use of ketone bodies instead of amino acids as fuel is imperative for preservation of nitrogen balance and conservation of lean body mass. It seems in any cachectic-like state and at times of stress, the body losses the ability to maintain nitrogen balance, culminating in protein depletion [76] . Whether from trauma, sepsis, cancer, or PICS, protein wasting is thought to revolve around increased whole-body protein turnover, increased muscle protein breakdown, decreased protein synthesis, and increased hepatic protein synthesis mediated by cytokines [79] [80] [81] [82] . Thus, patients with cancer cachexia and cachexia of sepsis (i.e.PICS) exhibit progressive catabolism, ultimately, resulting in the development of asthenia or weakness and lack of strength [83] . Unfortunately, blocking these cytokines has not proven clinically significant in reversing the cachectic state, largely due to the overlapping activities of several inflammatory cytokines [76, 84] .
In hope to better understanding PICS on a cellular and humoral level, Drs. Winfield and Moldawer et al, recently focused efforts on elaborating bone marrow derived MDSCs that expands dramatically with tumors and sepsis [84] . In response to stress the bone marrow attempts to preserve innate immunity (i.e. granulocytes, monocytes and dendritic cells) by mobilizing MDSCs and trying to shut down adaptive immunity (i.e. lymphocyte production) and erythropoiesis. These immature MDCSs are metabolically active and secrete large quantities of inflammatory cytokines and chemokines, which promote an acute phase response including protein catabolism [84] . Their expansion in both cancer and sepsis is temporally associated with the development of cachexia [84] . Unfortunately, in PICS this elaboration of MDSC's by the bone marrow does not such down and stays active promoting the new phenotype. There could potentially be therapies directed at these cells, and prove beneficial for both cancer and sepsis cachexia (i.e. PICS). Ultimately we believe that treating PICS patients is going to be a multimodality approach and not just "one silver bullet".
